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CALCULATIONS' FOR EDUCATIONAL FM CHANNEL ASSIGNMENTS
S IN AREAS SERVED BY TV CHANNEL 6 - E

'By
George V. Waldo
and

- \James D. Wiswell

Report No. R-6702
July 14, 1967

SUMMARY

Interference over a consideyable area will be
caused to Chaanel 6 TW service if low-power iyans-
mitters operating on ¥ Channclils 201-2Z20 are located
between the Grade 4 and Grade B contours o3 tne
Channel 6 TV statien. Various factors must be con-
sidered when Educational FM stetions are located
within the Grade A contour, or beycad the Grade B
contour, of 'a Channal 6 TV station. A design for
determining these factors is described im this

report.
r.
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In thls report TV receiver pcrformance data rrom various sources will

“be summarized and analyzed, and: calculations of the extent of interference to

Channcl 6 TV service by Voncommarc;al Edcyational Fi stations will-be described.

The following analysis is treated in two aspecté. First, the natural
limitations for Educational Fif station operation beyond the Grade B contour

of & Channel 6 TV station are considerced. The second viewpoint deals with
- the limitations on such operation within the Grade A contour. In most

cases it would not be practicezl to operate .these Fi stations in areas between

_ the Grade A'and Grade B contours unless there were no TV receivers within

a considerable distance from the FM station, :
TV RECEIVER PERFO?MANCE .

Information concerning selectivity characteristics of TV Receivers,
obtained from various sources and for various conditions, is summarized in
the Appendix, The most significant informati on, from a statistical view-
point, 'was developed by the television receiver industry.and reported by

- RTMA (FCC Pocket Wo. 10315) im 1953, Although these measurements were made

some 15 years ago, this information apncars to be consistent with brief.-
information recently obtained, It is possible that recently developed
components. will improve the pcr;ormancn 0L TV recelvero. The efficient -
utilization of the fraguency spectrum will séon require considerable 1marove~
ment in the selectivity characteristics of TV receivers.. «

Calculations in this report ave based on interference from a single
source in the band from 88.1 to 91.9 Mc/s which degracdes the picture repro-
duction of a Channel & TV signal as veceived by average installations. '
This degradation may be much greater whore two or more FM channels are.
utilized in the same qervice avea. ‘Information is needed on intermodulation

It.is the consensus
V receiver cxnﬂrLs rhat the upper adJqunt charnel interference char~
_acter1Qt1cs for both monochreme and color TV receivers are similar.

In some communities it has been shown to be

pra LLCul to apply
traps or filters in TV receivers, effectively roducing the amount of
interierence caused by ceavby ¥ stetions to Channcl 6 TV service.

INTERFERENCE BEYOND THE CHANNEL & GRnDu L CONTOUR

Figure 1 is an overlay chart to ‘be superimposad over Figure 17 .
of FCC Report No. R-5502 ("Development of VHF and UlF .Propagation Curves -
for TV and FM Broadcasting"). It shows the minimum distance separating
an Educational FM station with a given antenna heirht, effective radiated
power (ERP), and FM channel number from the Grade B contour of a Channel 6
TV station, At this distance a picture of Grade 3 or better guality will
be receives at 507 of the receiving locations during 90% or more of the
time. Under average conditions this service limitation occurs only near -
a point on the Grade B contour intersecting a line between the two stations.
Interference will be increased at most of the locations nearer the M
station and no Channel 6 reception will be possible in its immediate

‘vicinity without special antennas and filters on the TV receivers.
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_ Figure 1 should be reproduced to scale on a transparent sheet for
- maximum usefulness. It is obvious that Figure 1 can also be used directly
side by side with fhe other chart. by projecting the desired coordinates to
the required parameters. ' If a transparency is used place it over the -
F(50,50) graph (Figure 17, R-6602), with the coordinates projected to the
desired parameters, thus allowing direct reading of the chart. The two
graphs, Figure 1 of this report and Figure 17 of R-6602 may be used for

~ the determination of the relative magnitudes of two remaining parameters

when any two of the following parameters axe known or are specified:

(1) Distance.of -the FH station beyond .the Grade B contour of a
"~ . Channel 6 TV station, L :

(2) Frequency or channel numbar. of the FM station..
(3) Effective radiated power of the M station,
' (4) Antenna height of the FM station.

 The horizontal axis at the bottom of each graph must always coincide
to form a common line. The transparency is then moved horizontally until
~ the FM ERP coincides with the antenna height indicated on Figure '17.  The
vertical coordinates of these two pavameters will now .coincide, The point
“of this “intersection on thé line Jor an IH channal .shown .on .the transparency -
7ill be directly over the point indicating distance on Figuré 17. This '
. shows the requixed distance beyond the Grade B contour. . :

In Figure 2 an example is given of an FM station on Charinel 213;
with an antenna height of 400 feet and an ERP of 10 dk. Using the technique
outlined above, the ‘transparency 1s shifred until the antenna height and

"ERP coincide; then the Chaanel 213 line on the overlay will intersect tne
interpolated mileage of Figure 17. This reacding of 5.3 miles-is the mini-
mum separation allewable betwsen the TV Grede B contour and the Fil station.
Similariy, for a Channel 201 Fi station the allowable distance between the
Grade B contour and the station ywill be 25 miles, Table I lists other .
possible combinations of values that can be obtained with the overlay in
the same position. : - '

The graph in Figure 1 was designed from the equation,
Fu=FD*A+GD"GU-')\.D'+KU"PU"]'R” R , : ' . &)

* where ¥ = Field strength, F(50,50), of thé-inicrfering FM station, in
dB above 1 uV/m for 1 kW. '

= Field strength of the Channel 6 TV station at the Grade B
contour for rated power = 47 dB above,1 wV/m., -

A = Fading ratio = F(50,50) - F(50,90)., This may be obtained from '

Figures 17 and 18 of R-065802. Assuming @ normal distribution, -

A = F(50,10) - ¥(50,50) = §.5 dB, when the distance is approxi-

mately 70 miles. T .
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O : ‘G = Gain of TV receiver antenna on Channel 6, rélative to a
' ’ M2 dipole. o

Gy = Effective gain of the same TV recciver antenna in receiving
the interfering Fi signal, considering average difference in
directions of arrival of the desired and undesired signals.

It is assumed that Gp - Gy = 6 dB,

“Ap + Ay = =20 log fp + 20 log fy, where fy and'fU are the frequencies
- of the desired and undesired signals. S S

Py = Effective radiated power of the FM station, dBk.

R = Interference ratio for averagé TV ,receivers as shown in
Table IL. At 47 dB desired signal field strength, as in
Grade B service, this ratio is defined as the power differ-
ence (in dB) between the undesired and the desired signals
(U - D) at the receiver antenna terminals, for average ‘
picture reproduction of Grade 3 or better.

INTERFERENCE BY I'M STATTIONS LOCATED WITHLN THE CHANREL 6 SERVICE AREA

. , Tn the primary TV service area greater protectioh than that afforded
.- °  beyond the Grade B contour is mandatory. We may assume that protection’
E“ is satisfactory if the average receiver delivers a Grade 1 or 2 picture _
(interference barely perceptible) &t practically ail locations. Tor prac- .
: " tical purposes pictures of "Grade 1-1/2" quality may always be considered
as Excellent, and this may be taken as a "Grade 1" for the present pur- _
pose. Improving the picture quality from Grade 3 to "Grads 1-1/2" requires
a reduction of the interfering signal by approximately 10 dB. Tor-grade 2
abour a 7 dB reduction is required. We may further assume that most TV
receivers located within an interference area will require speacial technical
modifications, or will suffer objectionable interfereace, and that "free-
‘space' field strengths will, on the average, prevail at this range for tae
undesired signal. \ ' ‘ : '
To provide for the natural variation of field s 1gth ceusad by
terrain and path environment, data from the New York City UHF-TIV Project
(FCC Report No, R-6303) were examined. If 9%% of tne locations arcund the
periphery of the interference zone is considered to be "practicilly all”
of the locations to be protected, a factor esquivalent to the difference .
between the median and 99% must be applied. The same procedure was followed - .
in the case where 90% of the locations are t¢ be protectad. In the 99% : '
case the New!York measurements indicated a factor (L) of 30 dB for . ;
indoor antennas and 37 dB for rooftop antennas when receiving Channels 2 or
7. TFor the 90% figure the factor was 15 dB for indoor antennas. The 30
and 15 dB values are believed to be most appropriate for the present appli-
cation since the pertinent argas of concern are those where field strengths
permit the use of indoor antennas. T : _ .
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’
“examples may be considered where ‘the limit .of the inte

At most of the locations of 1nterest in this analysis, the d‘SLanCuS

"1nvolved from the FM station are such that the average field streagth will

approximate that for 'free space”. The "free space' field strength of the
FM station at a distance 4 (in mlles) will be

Py - 102.8 - 20 log d + 5 - - o (2)',.

The field strength, in dB, of the vV statlon for lnterference-free ¢erva.ce
at this location must be at least

FD_.=1-*U+1_,-.R . Ce e o

‘where L is the location distribution factor, and R' is the interferenc:.
- ratio for the grade required (Table III). Substituting for Fy from (2},

Fp=102.8-20logd+PyEL-R @)

-In equation (4) the distancé d, in miles, may be considered as the
radius from the FM station of the area where interferente may affect .
Channel 6 ”V'receptioq. This distance should be calculated from the center
of the antenna array, and the effective radiated power, PU, should be
estimated by considering the vertical radiation pattern of the antenna. -
For.example, at a.distance of 0.20 .mile.(1056 faet) from an antenna radia-
tion centexr 500 feet above ground, the actual horizontal distance from the
base of the antenna tower. is 0.17 mile (946 feet), and the depression angle:
is 26.4 degrees.. These calculations apply to a receiver antenna 30 feet .
above ground. ' '

If an Fducational Fi{ stetion is to be located within the Grade B or-
Grade A contour of & Channel 6 TV station, information must be obtained on.
the density of population in the areas described above, on the utilization
of the service provided by Channel 6, and on.the practicality of modifica-
tions of TV receiver installations within these areas for the reduction of
interference which may be caused by the FM stetion For average locations,

exference arez is at

0.20 nile from the radiation center of the FM antenna, At this 0.20 mile
distance, pictures having Grade 2 or better guality at no less than S0%
of the locations, may be considered tolerable., Destructive interference
will be caused at wmost of the locations at distances closer than 0.20 mile.
The curves in Tigures 3, 4, 5 and 6 were calculated from equation (4), and

"indicate the channel and meximum mileage separztions required for the pro-

tection of locations beyond 0.20 mile, for various.effective radiated powers..

The limits over the FM educational band of the relation between
the separation required for the FM station from the Channel 6 TV station,
and the radius of the resulting interference area, are shown in Figures 7
{(for. FM Channel 201) and 8 (for FM Channel 220). For 10 watts ERP, at
the Channel & Grade A contour, the radius of interierence for Grade 2 plcture-
quality, is 8.5 miles for FM Channel 201 and 0.75 mile for Cnannel 220. '




the example for a radius of interference of 0.20 mile, under any conditions,
the power of the FM station must be considerably less than 1 watt. For
effective radiated powers greater than 1 kW, a Channel 220 FM station must
be located at a maximum distance of about 6 miles from a Channel 6 TV

station. This separation diminishes as the frequency is decreased in’
approaching Channel 201, and for the first few channels  the FM station
antenna must be located on the same tower with the Cnannel 6 1V station's’
antenna.

For higher offectlvc radlated powers, minimum interference would

331 ~ be caused ‘if the TV and FM station antennas both were. at a common location,
' .For this condition, the effective radiated power of the FM sta ition must be |
less than :
PU:&‘PD'*'RI."K'_ 7 ) : | (5)

‘where K is a factor for egualization of incidental dififerences in the.
directivity of. the two antennas. It is suggested that this should be

K = 10 dB for average conditions. Correlation of the two signals is :

such that a location distribution factof will not be required, . = - o

' In the above eyamplbs the interference ratios listed for Grade 2
pictures in Table III were applied,

CONCLUSIONS - o B : R

In average conditions, any transmitter wlth an ERP? more than 1 watt
in the band from 88 to 92 ¥c/s will ceuse sericus interference in the area
betveeﬂ the Grade A and Grade B contours of a Channel & TV station. ;ovnt"whr

~

£ both FEducaztional FM and.Channel § TV antenmna arrays on the same qu1uc tuy

results in the most sa;*s;actory p‘rrorwaqce"i ‘Various factors must be

cofisidered when Beucaticnal FM stetidis arL “"{ocated within the Grade A

contour, or beyona tn; Grudb B contour, & Channel & TV station. A design

for determining these factors is dbsc 1bec in this repert. In applving average
™

. paremeters to any given receiver locatlog where TV service is utilized, the
¥

-

ranzes of variation in receiver and antenna performénce, in signal strengtis,
~and in eross-modulation effects with strong sxgn rls, mdsf ail be taken into
’ consideration. The calculations shown: in this veport will be usefiul in

estimating everage interierance effects for averagze conditions. At many of

the locations where average TV reception will be degraded by FM station inter--
ference, it will be possible to reducé this interference by 115Lalllnﬂ t:aps or
fllturs, or by improving the recciver antenna R tcm.

It should be noted that co-channel and adjacent channel (iV Channel 5)
interfercnce will be present at some locations and at soime times within the
Grade B contour of a Chanmel 6 TV station, This report considers only the
interference which may be caused by transmitters in the band from 88 to
92 tcl/s, and other sources of interferance are ignored. '

’
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. common basis of
: ; . excellent"‘ but. for .th
purpose_of;tnls report a practlcal estlmate.o-'Grade ‘1 would be Grade 1= 1/2.
- Experience gained by TASO and by the Commission prov1ded estimates of zbout
"3 d5 difference” betweei ‘Grade 1-1/2 and Grade 2, ‘and about 7:dB difference
”between Grede 2 'and Grade 3 plctures. Grade 3 plcturcs ‘are considered to
_be, passable, where ln*erference decradatlo is:. not obJectlonable.‘ The.

data-in"FCC Docket’ Moy~ 10315 were for Just perceptible_lnterference levels
v151b1e close to the TV screen, and so_the interference ratios were; adJusted,
fto a-Grade 3 level of 1nterference by addlng 10 dBi+Table: 1A showsitne
dnterference ratios for various levels of plcture deoradat:on.f Fcr,str no
="s:.gna]_ condltlons in Lhe Channel 6 prlmary service area, up to 20 mllesu
~from the IV station, “the’ interference ratio was. decreased by Irom 15, to-
-20.4dB,. dependlno on. the frtquency of .the. uqde31rea stgnal Lo provxde £6
ydecreases in receiver selectivity in accoreance Ulth 1nrormat10n conh' ,
- tzined in the Docket No. 10313 record. It was assumed that these condltlon
shOle apply for the Gredes 1 and 2 ratlos showq 1n'T ble 1A,

f'Flgure lA contalns the results of an analysis of the data on the’
ablllty of TV reccivers to reJect ‘adjacent-channel  interierence- contatned
'n in Docket No: 14185.  In order -to make a comparison of &1l the rc;ectlcn
-ratios, it was. necesuary to make ad;ustments dependlng on the cond:l.t.:.onc

'}” under which these ratios were weasured : : :
G The ‘shaded arca in Flﬂure 1A ree*eseqts data oatalned by~ Lhe Cax«dia'
Department of Transport - (Intcrlm Report; December 8, 1988) in irvesti rions
of FM interference to TV Channel 6. The values shouﬂ were conSLdercd to

. be Grade 3 for '"weak” signals, and therefore were used as reporited without .
adgustment ‘The upper and lower limits of the shaded arca are for the 50%"
. of receivers ¢losest td the median value, among:15 typical monochrome ':>
. receivers Lested . These interference ratios agree reasonably well with
' those reported 1n Docket No. 10315 as renrtsented by the dasaed curvLs

."-1n rlgure 1A, 3ﬂ; g.”»_-. DR 5; ‘ g-;;*

SR Data submltted by the EnOLneerlnn Staff of Storel BroadCastlnc

:Company were FM station 1nterrerence ‘levels -from field 'tests. conduéted
~around WITI-TV Channel 6 in hllwtuke Y, Wisconsin., The tests were conducted
“near 3 FM stations in the service area of WITI-TV and the severity of ”“_
* interference was noted until no interference was. observaed. - Four 1eve1ego£
.. interference were listed; severe, moderate, 110ht,_gud none.. The ratias::
lﬁof the FH field strength to the TV field strengthe were calc ulattd and

‘adjusted to approrimate CGrade 3 picture levels as closely as _possibla,
-, V'Severe” interference was taken to be Grade 5 or 4 and:-14-dB.was sub
.tracted from thp rejectlon ratlo for Gradt S;Aand 7 dB was §uotratted




The Association of, Max1mum Serv1ce Telecasters, Inc., reported on
the resultsfo; a; survey Laken on‘several Channei'ﬁ statlons “which have:
: ' From. the data reported
. . - to estimate FM. field
st 'ngt 'S for Lhe dlsLances lovolved Usmrr ‘the reoorted TV fleld
stre gth the ratlos of By to v fleld strength ‘were: “caleulated,’
: ‘ratios since th v DX bably,represent

Comments flled by the. Englneerlna Departmant of. Trlangle Publl-'
cations; Inci (Radio, ‘and’ Television. Division);. a,d'"e_r;and Kennedy,.
,onsultlnﬁ Enolreers, conbalned 1ab01auorf mLasurementsyof 2 monochfooe'

S colot TV receiver. fox: adJacent~chunne' 1ntcr&erence reJectlon Avit
both ‘strong’ and weak de31red signals. " The 1nter£er1ng 51ana1 was adgustedf
“dn small steps through an: equ;valent‘freouency spectrum of 80 .to. 85

‘Mc/s and the signal level noted: where 'just perceptlble“:lnterference
"occurrcd S It was noted that’as much 2s-20 dB .of variation: pccurred on
:tthe color receiver. rejectlon ratio’ for small chaiges in: irequency._ Thl
. was the result of the generation of cross-modulatlon products and the
;ama simum - and minimum occurred near. 1nte1vals o; 15 c/s.; These ef;ecLs
~ of-.small- ‘frequency chdnges were not included in the. values shown on the‘
"comparlson graph-and so ‘the values can be- subject to a varlatlon oi;“ 5°dB
- from the actual values.‘ -To change these "just perceptlble levels to
-Grade 3, 10 dB was added to the regect;oq ratié. ~Kear and’ kennedy ma
spot field tests of "just perceptible’ interference- to WFIL-TV -
- Philadelphia, Channel 6 TV from FM stations. - The values, obtalned dlfzered=
from the laboratory tests by -18 to +14 dB for the color set and -13.5-to
_ t+9 dB for the monochrome Sut. Tneae fleld tests are not shown on the”
. comparlson graph : S : _ Lo

_ “The cowoarlson of the rejectmon ‘ratios from 211 the data appaats
S to be quite: scattarcd but in general agreement to those used in .this: ..
. report., Much of the scattering comes from the assumptions made as to
_ 'the testlng condltlons and to the rElnthEIY few nomoers of recelvers
'”%used‘*' v : e T R
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These values 1nc1ude ”laﬂoda factor




